[cm2]=220/Ti/, ms).3-5 We did not use the pressure half-time method when the mitral areas could be defined clearly by 2-D echo, because it has been shown that the pressure half-time is influenced by a variety of factors other than the mitral orifice area. These factors include heart rate, the presence of associated aortic regurgitation, chamber compliance, etc.67 In addition to the mitral valve area, echocardiographic variables included the left atrial diameter at end-systole (LAD), the presence or absence of LA thrombus (sensitivity 63 percent, specificity 95 percent, positive predictive value 84 percent, negative predictive value 83 percent),8 or LA smoky echoes,9-11 the presence or absence of impaired left ventricular systolic performance, and the presence or absence of significant (defined as more than a mild degree of) aortic stenosis (AS), aortic regurgitation (AR), mitral regurgitation (MR), tricuspid regurgitation (MR), and pulmonary regurgitation (PR). The degree of these valvular lesions was semiquantified with continuity equation (for AS) or color-flow mapping (for various regurgitations) as previously described.'2'13 Briefly, a significant AS refers to an aortic valve area of 1.2 cm2 or less by continuity equation method,'2 a significant MR or TR refers to an MR jet area to LA area ratio or TR jet area to RA area ratio of 20 percent or more, and a significant AR or PR refers to a jet width to ventricular outflow tract diameter ratio of 25 percent or more."3 Left atrial diameter at end-systole was measured from the M-mode echocardiogram recorded in the parasternal long-axis view. The measurement was made according to the American Society of Echocardiography recommendations.'4 For the purpose of detecting LA smoky echoes we used a 5 MHz transducer since it has a greater sensitivity than a 2.5 MHz transducer. 9 We used "smoky echoes" instead of "spontaneous echo contrast," which has been commonly used in other studies. This was because some patients with severe TR or right heart failure had bright moving spots in the inferior vena cava or hepatic veins identical to those appearing in contrast echocardiography. Hence, we reserved spontaneous echo contrast for that echo pattern and used smoky echoes for the finer, lighter whorling echoes that appeared in the LA of patients with severe MS. In this echocardiography laboratory, the intraobserver variability for LA smoky echoes was 7 percent, and the interobserver variability was 10 percent.
Statistical Analysis
Comparisons between the two groups were made in terms of the five clinical and ten echocardiographic variables by two-tailed Student's unpaired t test or the x2 test where appropriate.
Stepwise logistic regression was used to examine the relative significance of predictors of systemic embolism. Association between various independent variables was measured by Pearson, phi, or point-biserial correlation where appropriate. Statistical significance was defined as p<0.05. Model building was first performed on a subsample of 400 patients randomly selected using Bebbington's method. i5 Cross-validation of the model found was then carried out on the remaining 100 patients. Goodness-of-fit was evaluated by Hosmer-Lemeshow's and Brown's x2 statistics. 16 
RESULTS

Univariate Analysis
Univariate analysis of the clinical and echocardiographic variables on a random subsample of 400 patients is shown in Table 1 . The following six predictors were identified: (1) the presence of Af, p=0.002; (2) age, p=0.006; (3) mitral valve area, p=0.037; (4) the presence of LA smoky echoes, p=0.023; (5) the There were four variables independently associated with systemic embolism (Table 2) : (1) the presence of Af, p=0.003; (2) the absence of significant TR, p=0.008; (3) the absence of significant AR, p=0.022; and (4) the presence of LA smoky echoes, p=0.039. Once these variables were entered into the model, no other variable was significant in discriminating between positive and negative embolism. Age and mitral valve area were significant in the univariate analysis but not the logistic regression because *n=400, the same subsample as that used in Tables 1 and 2. these two variables were significantly correlated with one or more of Af, LA smoky echoes, AR, and TR, as shown in Table 3 . The predictive power of age and mitral valve area was, therefore, absorbed by Af and LA smoky echoes, respectively.
Interactions
It was further found that there were interactions between the four significant variables identified in the logistic regression. Interactions are used to examine the relative risk when more than one risk factor is present in a patient. For example, if variables XI and X2 are both present, the risk for the model we used should be the RR of X1 multiplied by the RR of X2. However, when negative AR and positive LA smoky echoes are both present in a patient, the risk will only be 2.3 times higher (p=0.008), which is less than 3.7 (=2.2X1.7) times as calculated from Table  2 . Also, when TR is absent and LA smoky echoes are present, the relative risk remains at about 2.9 (p=0.017), but it does not increase to 4.3 (=2.5X 1.7). No other two-way or higher order interaction terms were found to be statistically significant.
Cross-Validation
The above model, with significant interaction terms, was then fitted onto the subsample of the remaining 100 patients. The Hosmer-Lemeshow goodness-of-fit statistic was highly nonsignificant (p=0.888), indicating that the fit was adequate on this validation sample as well. The Brown's goodnessof-fit statistic was not significant either (p=0.248), implying that the use of the logistic model was appropriate. DISCUSSION 
Atrial Fibrillation and Systemic Embolism
Previous studies have shown that atrial fibrillation is present in about 0. (Table 1) , but multivariate analysis showed that the predictive power of age was absorbed by the effect of Af once the latter was entered into the model (Tables 2 and 3 ).
LA Smoky Echoes and Systemic Embolism
We found that the presence of LA smoky echoes by transthoracic echocardiography using a 5 MHz transducer was independently associated with systemic embolism. It Table 2 ). The mechanism is not clear. We speculate that the regurgitant jet of AR may collide with the mitral flow during diastole and split any dislodged thrombi into smaller pieces, which may become too small to cause symptoms. Another possibility is that because of AR, some dislodged thrombi may have a repeated journey between the left ventricle and the aorta and subsequently dissolve before they reach the peripheral circulation. We also speculate that significant TR may reduce pulmonary arterial and venous flow with subsequent reduction of congestion and stasis in the LA, thereby decreasing thromboeinbolism. Previous studies have shown that MR may be protective against LA thrombus formation by "washing" the atrium clean (or more precisely, by increasing the shear rate of LA blood), but it has not been shown that MR is protective against systemic embolism. It is possible that the washing effect of MR may also facilitate the dislodgement of any pre-existing LA thrombus with subsequent embolization, which may counterbalance its merit. Independent confirmation of these results, however, will be necessary before they can be accepted generally or used to guide therapy, in light of the unexpected and unexplained nature of the findings. Clinical Implications Our study showed that some important noninvasive predictors of systemic embolism in patients with MS can be easily obtained. Subgroups of patients with high risk of systemic embolism can be identified. This may refine our therapeutic strategies to prevent the catastrophe of systemic embolism.
